INTRODUCTION
The DC bias phenomenon is abnormal for transformers. There are two reasons for generating DC bias, which one is geomagnetic induced current [1] (GIC, its frequency is lower then 0.01Hz and can be considered to be DC); the other is DC transmission system (when DC transmission system uses earth as its current return path, great DC will flow in the earth, which will bring great ground potential differences in a large area around the DC grounding electrodes.) [2] [3] . The DC bias can cause acute vibration, great noise, high temperature of the transformer, even make the protection misoperation. In addition, a lot of harmonics will be produced which can lower the power quality.
Some calculations and experiments have been done by a lot of researchers domestic and abroad. The main research contents included five parts as follows: (1) simulation analysis of exciting current [4] [5] [6] ; (2) experiments research of the vibration, great noise, local high temperature of the transformer [7] [8] ; (3) research of leakage flux [9] ; (4) measurement and simulation analysis of magnetization characteristic curve [10] ; (5) research of restrain measures of DC bias [11] [12] . Some achievements and progress have been achieved at above mentioned aspects.
This paper proposes a novel transmission-line model (TLM) of three phase transformers under DC bias. The differential terms of the transformers are replaced in TLM by the discrete transform. In the model, B-H curve is defined on the basis of the Jiles-Atherton ferromagnetic hysteresis theory; eddy-current losses are replaced by an equivalent resistance. Furthermore, the copper losses and leakage inductance of the primary and the secondary windings are also included. The Newton-Raphson technique is chosen for its efficiency and stability to calculate the hysteretic behavior and exciting currents.
II. TLM OF THREE PHASE TRANSFORMERS
The equivalent electric circuit of the three phase transformers under DC bias is shown as Fig.1 
Where A is the area of the iron core, K fe is the lamination factor of the iron core, V c is the volume of the iron core, σ fe is the iron core conductivity, t is the lamination thickness. The TLM of three phase transformers [14] under DC bias is given as Fig.2 and the equations can be derived as (2) . 
Where the small letter subscripts represent the primary side parameters, the capital letter subscript represent the secondary side ones, and the letter e subscript represents the additive winding. 
III. JILES-ATHERTON THEORY
The magnetization is split into two parts, the anhysteretic magnetization and the irreversible magnetization. In normalized form, this is expressed by 
IV. CALCULATION AND SIMULATION RESULT

A. Solution of the Transformer Model
The Newton-Raphson technique is chosen to calculate the model. 
Then the current can be solved.
  
Where k is the iteration number.
B. Simulation Results
To demonstrate the modeling procedure, a 100KVA, 10KV/400V three phase two-winding transformers was modeled using MATLAB soft. There are three main measures to restrain DC bias. They are (1) putting a resistor in series between the transformers neutral and ground, (2) putting a capacitor in series between the transformers neutral and ground, (3) putting a reverse DC injection at the neutral of the transformers. Fig.7 is the exciting current simulated waveforms with 5V DC voltage after applying suppression measures. It can be seen that the peak values of the exciting currents are smaller, and their waveforms distortion was partially reduced. 2) The exciting current waveforms get distorted under DC bias, and the larger the DC voltage is, the more seriously the exciting current waveforms distorted.
3) The peak values of the exciting currents are smaller, and their waveforms distortion was partially reduced after applying suppression measure.
